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TEST-DERIVED EFFECTIVE EMITTANCE FOR CASSINI  Ml.] BLANKETS
ANI) HEAT 1.0SS CIIARACTERISTICS  IN T1 lE VICINITY OF SEAMS

Edward I. Lin*, James W. Stultz* and Ronald T. Reeve”
Jet Propulsion Laboratory

California Institute of Technology
Pasadena, California

Abstract

Thermal performance of Cassini MLI blankets
was characterized in thermal vacuum tests. Effective
emittance  was derived for the standard and high-
temperature layups, with or without micrometeoroid
protection standoffs, and for a high-performance duo-layup
with staggered seams. The rdl-Kapton  Iayup  was shown to
have a 19% higher effective ernittance  than the hybrid
Kapton-Mylar  layup, and the duo-layup efilbited a
dramatic capability of reducing heat dissipation by 2.6
fold. Several different definitions of effective ernittance
are discussed, and their relations to distinct hardware-MLI
configurations and corresponding modeling techniques
clarified. Large temperature differences (up to 70”C) were
observed between the center and scam of a blanket. Heat
10SSCS in the vicinity of seams are quantified, and a major
ML1 heat loss mechanism eluc.idaled.

Nomenclature

‘=Cf( = effective emittance
Q = heat dissipation rate, W
A = area of radiating surface, m?

= Stefan-Boltzmann constant
$,, = temperature on the hot side, “C
Tc = temperature on the cold sjde,  “C
G = radiation conductor, W1°C4

Subscripts
o = outer layer of Ml-t
i = inner layer of MLI
hwr = hardware
hs = from hardware to sink
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ho = from hardware to outer layer of MLl
io = from inner to outer layer of MLI

lnt reduction

Multilayer  insulation (ML1) blankets perform a
critical function in maintaining spacecraft components
within required temperature limits in the extreme hot and
cold environments of sp~ce. Several decades of analytical
and test work hax yielded an extensive body of knowledge
regarding ML] blanket design and perforrnance’’203’  ‘k.
However, occasions do arise from time to time where the
existinf,  data base does not provide answers to specific
questiols,  and a special investigation becomes necessary.
A case in point is the MLI blankets for the Cassini
spacecraft.

The Cassini  spacecraft is being developed for a
mission to explore Saturn and its rings, satellites and
magrm[osphere,  The scheduled 1997  launch  will take the

spacecraft through a Venus-Venus-Earth-Jupiter Gravity
Assist (VVEJCiA)  trajectory, subjecting it to a 0.61 AU
(Astronomical Unit) high-temperature environment at
perihelion. Temperatures on some sunlit blanket surfaces
at 0.61 AU can reach levels that are beyond the service
capability of the conventional Mylar/Dacron net MLI. For
exam] de, the Radioisotope Thermoelectric Generator
(RTG) shade MLI temperature is predicted to be around
3000C  under the combined heating of the RTG (3900 W)
and 2.7 suns (i.e., at 0.61 AU) during a trajectory
correction maneuver. ‘he main engine blanket
tempt rature can reach 360”C during engine tiring in
conjunction with the 0.61 AU solar  illumination. The
rrmjof ity of the blanket surfaces, however, will experience
temperatures with an upper bound of 250”C, since the
spacecraft wifl cruise in the. shade of its high  gain antenna
whic]l is sun-pointed most of the time.

These worst-case hot Cassini  MLI temperature
prediction are significantly higher than those expected for
previous spacecraft, e.g., the Galileo. To cope with the
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high temperature environment, the baseline Cassini  ML.1
design includes a “standard layup” and a “high
temperature layup”. The high temperature layup consists
of 20 layers of embossed Kapton with a black Kapton
outerlayer, and will bc used only at locations of extremely
high temperatures, such as in the vicinity of the RN and
the main engine. l’hc standard layup  is a hybrid consisting
of 5 layers of embossed Kapton and 15 layers of
Mylarfl>acron  net with appropriate outer and inner layers,
and will bc used at over 85°/0 of the bhmkcted surfaces cm
the spacccrafi.

The high. temperature survivability of these
layups has been successfully demonstrated in a series of
high-temperature exposure tests which employed a 2.7-sun
solar simulator. However, the thermal performance of
these layups, specifically their effective emittanee in
several hardware configurations, has not been
characterimx! before. For example, while experience and
intuition suggested that the all-Kapton  layup would be
“leakier” (i.e., have higher effective ernhtance) than the
conventional Mylar/Dacron net type construction because
of greater inter-layer contact and greater susceptibility to
local compression, no effective emittance  data existed to
provide a convincing comparison. In addition, due to
micrometeoroid  protection requirements, ML1 blankets at
numerous locations are spaced off the hardware by 3.81
cm or 6.35 cm with Mylar standoffs. Elsewhere, they are
either closely wrapping around the hardware, or are
installed in a tent-like configuration. It has been found
that the manner of blanket installation significantly
detcrrnirws  the method of modeling which in turn invokes
the appropriate definition of MLI effective emittance.
This wa.. not previously discussed in the literature, yet thk
has important consequence in terms of the values to be
used for the effective emittance,  as well as the
temperatures which result from the anatysis.

This paper will start by presenting some
fundamental considerations related to various definitions
of MLl effective emittance, and the associated techniques
of thermal modeling. A description of the test articles,
setup and procedure will then follow. lle test results will
be analyzed yielding effective emittance data applicable in
various situations. As a bonus from the test program, the
heat loss characteristics in the vicinity of blankei  seam
will be discussed. Fimlly,  a method of fabricating high-
perforrnancc MLI blanket will be validated, complete with
quantitative performance characterization.

Effective Emitf.ante - B&sic  Qmsiderdiorts

The effective emittance of an MI;I blanket is
mathernat ically defined as:

9. -—% - ‘–””
A CI(T; - T;) (1)

Several interpretations of this equation are possible
depending on what T}{ and TC are taken to be. This is
directly related to how the analyst models the hardware,
and it determines what value  the analyst should use for the
MI.I effective emittance.  This is not always clear in
thermal anatysis and the reporting of effective emittance  in
the literature usually does not make any distinction among
the various interpretations. Thus significant errors
sometimes result. The following three definitions of c.ff
are encountered in the Cassini thermal design, each
relevam to a particular hardware-blanket configuration.

CM E %ff-hs ; ‘ f  A  “ ‘hardware,  ‘ M  = ‘hardwm,

and T{ = T,iD~ (2)

ecf, = Ce,f.M  ; if A =- Ah,dW,,,  T},  = Th,,4~,,~,
and q“’~ = Tw~,.l,Y., (3)

c~f, ~ cC~,.)O ; if A z A~l.,, T,, = 
Tinnct-laytr,

and Tc = Twk,.l,Ye[ (4)

Figure 1 illustrates the three hardware-ML1
configurations that call for modeling techniques invoking
the above three definitions for effective emittance.
Configuration (a) involves wrapping the MLI blanket
snugly around the hardware. Configuration (b) involves
applying micronwteoroid-protection  standoffs between the
MLI blanket and the hardware; e.g., Cassini employs
Mylar accordion strips of 3.81-cm or 6.35-cm height to
alleviale  the impact of micrometeoroids  on sensitive
hardware. Configuration (c) involves draping the ML]
blank{ over the hardware in a tent-like manner, leaving a
substantial distance between the blanket and the hardware;
Cassini has several such applications, e.g., for the Fields
and Particles Pallet (FPP) and the Propulsion Module
Subsystem (PMS).

Note that modeling technique (a) requires, in
addition to c~~,.h an effective solar absorptance  which
depends on the so~r absorptivity of the ML] outer layer as
well ,as the effective emittance  of the MLI. In contrast,
model ing technique (b) uses directly the ernissivity  and
solar absorptivity of the ML1 outer layer. Therefore,
while modeling technique (a) is still  being practiced, it is
often replaced by modeling technique (b), which has an
additional advantage of yielding the outer layer
temperature automatically.
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F3g. 1 Modeling of Three Different Hardwate-Ml.l  Configtlrations  andtile  Associated c,~f Definitions

A mathematical relationship exists linking the
above three dctinitions of cffcctivc  cmittmtce.  However,
its derivation and related theoretical discussion requires
substantial space and will he considered elsewhere.

Tesl  Articles, Setup, and Procedure

Test Articles

Blanketed lmxcs. M1.1 blankets were tested  in
pairs each wrapping around a 22.86 cm x 22.86 cm x
22.86 cm aluminum box that was heated from within.
}?igurc  2 depicts the aluminum box on the right and an
M 1,1 blanket on the left. The box, which has Mylar
standoffs on it, was inscriccl  in the blanket, and the open
flap of the blanket was laced closed, then the blanketed
box was installed in the vacuum chamber for testing.
Figure 3 depicts a pair of blanketed boxes ready for
installation in the vacuum than-!ber.

I’hc identical boxes were made from 0.318 cnl
thick aluminum 6061 -T6 plates. The inside of the boxes
were painted black (to help achieve a uniform box
tcmpcraturc) and the outside left as nmcllincd. Thcrlnofoil

heaters and thermocouples were mounted on the inside of
each of the six panels. The top and four side panels were
welded together, but the bottom panel (with a 0.953 cm
diamettr  hole at the cenrcr) was bolted to the bot{orn  edges
of the four side panels with eight #10 bolts. Wires from
the heaters and thermocouples were routed out through the
center hole, and the bottom panel was secured after all
instrm nentation  inside the box was completed.

.~

=.._-

l~i{;.  2 Ml J blanket and aluminum box with Mylar
standoffs
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Fig. 3 A pair of blanketed boxes ready to be
installed in chamber

MLI blankets. Pour ML] blankets were icsted.
Their designations and layup dcsigm arc as follows:

ML1-A:

Ml.]-B:

ML1-C:

MLI-D:

SSAK +5EK-t 15MN + AK, with micrometeoroid
standoffs (the standard layup).
BK +20EK +AK, with micrometeoroid  standoffs
(the high temperature layup).
SSAK + 5EK -t 15MN + AK, no micromcteoroid
standoffs.
Outer blanket layup  SSAK -1513K, inner blanket
layup  15MN +. AK, scams staggered, with micro-
mclcoroid  standoffs.

The blanket constituents referred to above arc:

SSAK: Second surface ah.rrninimcl  Kapton, 1 /2 nil thick,
ITO (iridium tin oxide)-coated on the front,
Nomex scrim  reinforced on the back, used for
outer layer.

BK: Black Kapton,  carbon-filled, 1 mil thick, used for
outer layer.

UK: Flnbosscd  Kapton, 1/3 rnil thick, aluminized on
both sides, used for intcrmcdiatc  layer.

MN: Mylar with Dacron net, alternating layers; 1/4
mil thick Mylar aluminized on both sides, used
for intcrmcdiatc  layer.

AK: Aluminized Kapton, 1 mi] thick, aluminized on
both sides, used for inner layer.

l’hotoglaphs  of Ml J-A, hfll.1-11, and Ml J-C arc
shown in l~ig. 4, fi om left to right, A photo~raph  of Ml ,1-11
is displriycd  in l:ig. 5, with the outer blrmkct being box-
shapcd on the left, and the inner blanket unfolded on the
right, Ml.]-A, -11, and -l) arc of dimensions 31.53 cm
cubed, while Ml,]-C, 23.92 cm cubed.

Fig. 4 Photographs of M1.I-A, MLI-B and MLI-C

lnstrunmntatirm. Thcrmofoil  heaters were
mounted on the interior  of the boxes,  two on each face,
with large area covcragc  to help achieve uniform heating
of the boxes. All thermocouples were of Type E
(Chrome] constantan),  ~agc 30, and with a copper tab.
FourleclI thermocouples were affixed to the interior of
each box, tic guideline being one thermocouple at the
center of each face, and one near each corner of the box.

Thermocouple placement on the blankets
followed the same guideline. Thermocouples on the inner
and outer layers were paired so that they were directly
opposite each other. No thermocouples were placed on
the intermediate layers. ‘1’ypically,  each blanket used a
total of ?8 therrmcouplcs.  Ihc chamber shrouds were also
provided with thermocouples so that temperatures around
the. test boxes were monitored.

L& .MaEw&m“ ..?+.--&i w% -..?*. ”A..-4”4 =-...=.  . . . . .

I~ig. 5 Photograph of M 1.1-D

A guard heater was mounted on the 20 wires that
exited the center hole on the bottom plate of each box to
control the heat loss to under 0.05 W. Eight DC power
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supplies were employed, three for each of the two boxes
and one for each of the two guard heaters. The Space
Simulator System at JPL’s Environmental Test Lab was
utilized for data acquisition and power control.

TIXtlletup

‘Ilsc tests were conducted in Chamber #20 at the
Environrmmtal  Test Lab. The chamber has internal shroud
dimensions of 68.58 cm diameter by 91.44 cm length.
Figure 3 shows the chamber in the background. During
installation of the test articles, the boxes were suspended
from the chamber top rail with a stainless steel wire, and
were anchored to the chamber walls by three Nomex
chords to prevenl  their movement and rotation (the
stainless steel wire and Nomex chords conducted very
little heat , and are visible in Fig. 3). A LN2-cooled cold
plate (seen to the left of Fig. 3, below the chamber door)
was employed to separate the two boxes, thereby dividing
the chamber into two almost identically conditioned
compartments. The cold plate was converted from a used
heat exchanger plate and was painted black on both sides.
The door shroud was also painted black on the inside and
was covered with a 20-layer ML.I on the outside to ensure
that extraneous heat input from outside the chamber was
minimized. ‘lhe goal of the arrangement was that all sides
of the two boxes were viewing surfaces at essentially the
same temperatures.

TwA Procedure

Each of three test phases was conducted in a
vacuum of less than 1X10”5 torr., and with the chamber
shrouds and cold plate controlled first to the LNZ
temperature (-1 85’C), then to -1OOW, approximately. The
box temperatures were targeted to be around 20 and 50°C,
respectively, to simulate a “nominal” and a “hot”
hardware condition. The heater power required per box
for each set of conditions was first estimated, then fine-
tuned during the test. For each test phase, following the
chamber pump down, the power supply was brought up to
a level suitably greater than the intended one, dropping to
the intended level only after the box temperature had
approached the target value. This “overshooting and slow
coasting down” technique was employed to speed up the
process of attaining steady state, and needed to be
practiced with some art. Steady state was regarded as
approached if temperatures changed at a rate of no greater
than O.YC/hr.

After each test phase, which consisted of three or
four stages, was completed, a chamber break would occur,
the boxes would be removed from the chamber, ancl a new

pair of blankets would  replace the pair just tested. And
the process of testing would be repeated.

TeaLRemdts  and Effective J3mittance

The test data recorded during the three test
phaws  me presented in Table 1. They are power required
(Q) to n~in~n  the box lewera~re  (TJ. the MLI  outer
and inner layer temperatures (TO and Ti, respectively), at
the given chamber shroud temperature (T). T~, T,, TO,
and Ti are averaged temperatures. The box and shroud
temperatlues do not vary more than 2 or 3%, but the M L1
center and comer temperatures differ substantially. For
this reason, both TO and Ti are listed in Table 1, first as
the avelage  of the six center temperatures, then on a
separate line as the average of the eight corner
temperal  ures, for every test case. In general, center
temperatures vary less than corner temperatures; on
occasions, some corner  temperatures may appear
erratically different from the rest of the same MLI.
Overall, however, the averaging scheme appears to be
quite reasonable, and the effective emittances  calculated
corroborate with each other very well.

Since the test articles and test setup were
designed so that heat losses via the supporting wires and
thermocouple and heater wires were negligible, the power
input to the boxes is assumed to be completely dissipated
through the MLI. Applying Eqs. (l)-(4), these test data
were used to calculate Ccf[.h,,  ceff.h, and cc~(.in. The
calculated effective emittances  are presented in Table 1.

Dmcs.wsinn

Comparison of Iayups  and effect mfatandoff.
As can be seen in Table 1, c,~f.h, which is sometimes
called the traditional effective emittance,  appears to be
unambiguously determined for all four blanket layups.
The average value is 0.026 for MLI-A (the standard
layup),  0.031 for MLJ-B (the high temperature Iayup),
0.024 for MLI-C (the standard layup without standoffs),
and 0.010 for MLI-D  (the duo-blanket with staggered
seams). Note that the 0.026 value agrees well with the
initial (lsssini dmign guideline of 0.02 ~0.005 for thk size
and type of blanket. Also note that deviations of all data
from these averages are relatively small. In fact,
considering that four different MLI layups were involved
in three different test phases, that chamber breaks and
rearrangement of test articles occurred between test
phases, and that the tests were conducted at several
tempet ature settings, these results etilbit a rather high
degree of repeatability.
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M/1-A

MI,l-n

MIJ1-C

MI-1)

Table 1. Cassini  ML1 test results and computation of effective emittance
.——.

Eli l?x~-ha,  -

Q(W ~h c/o,4 lB (c)  , WI A(Jww) 2’0 (c) ‘fi (c)
Fmff-ho,  ‘-”FM-IO.

hnsc w/ A(hwr) w/ A(MII) Xcmnrk
la 3.449 -186.9 0.026 -173.5 i .8 0.026 “ 0.016 To& Ti are c.entm  avg.

-149.1 2.5 0.027 0.018 To& l’i are mmer avg.
l b ‘“ “3:205 54.6 -186,5 0.026 -17iL6 43.2 0.026 –  0 . 0 1 6 ‘---

-142,8 36.9 0.026 0.017
lC 4.733 54.1 -102.2 0.025 -102,5 44.5 0.025 ‘“ 0.015 ‘fhe above-marks apply

-96.8 40.8 0.025 0.016 thmughrmt  ti18  cdoumn

Id - 2 . 9 9 8 22.3 -104.6 0.025 -io3.4 12:4 0.025 ““ 0.015
-99.3 73 0.025 0.017

2a 3.006 23.7 -=,0 0.025 %6.9 14.2 0.025 .-” 0.015
-93.8 9.2 0.025 0.017

“2b 3.551 21.8 -184.3 0.027 -174.9 10.3 0.027 0 . 0 1 6
-151.2 4.0 0.027 0.018

2i 5.260 50.7 ‘ - 1 8 4 . 0 0.027 -17i.7 38:7 (),027 0.017
-148.1 3?.4 0.028 0.018

3a 3.428 21.!T -lm.4 0.026 -172.1 ] (1.9 0.026 ‘—”-” 0.016
-148.5 4.5 0.026 0.018

3b ‘ - 3 . 0 4 3 22.0-  -96.ti‘“ ‘“0.026 -9i2 0.026 ‘“17.6 “0.016
-93.1 7.6 0.026 0.017

3C 4.595 50.0 --*.2 ‘ “- 0.026 -96.4 4(:1 0.026 0,016
-92.2 34.7 0.026 0,017

3 d- 4 . 5 9 5 50.2 -186.0 0.024 -171.7 38,7 0.024 0015
-145.5 32.4 0.024 0.016

2a 3.006 14.3- -lm.4 0.028 -700.9 —1 .1 0.028 “-” 0.019

-93.5 -9.0 0.029 0.023- .
2b 4.087 21:4 -184.6 0.031 -170.6 s .2 -0.031 0.021

-137.7 -8.0 0.032 0.026
2c-- 6.011 50.2 -184.4 0.031 ‘-i68.9 --74.4 0.031 “ 0 . 0 2 0

3a

‘EEEF

1.200 21.5 -1F7.5

3h 1.228 2 1 , 9 -98.4

3C ‘“ 2.101 49.4 ,-103~6

3d 1.951 - 53.1 -186.4 “-

-----+---
.97.1

-100.7

+
-2.0

=0.3I--Ft
-92,7——

0.009 -i71.6  –

-144.6 ] 3.9
0.010 -101.3 20.5

13.8
0.012 ‘4 7.2

+

-95.8 40.1
0.010 -164;9 50.7

.1A? 5 4?5

0.040 Note:
“0.024 A(hardwm)  = 0.314 oq.m
0.034 A(MI.I-A)  = 0.597 ~q.m
0.024 A(MI.I-B)  = 0.597 sq.m
0.032 A(ML1.C) = 0.343 nq.m
0.024 A(MI,I-D)  = 0.597 sq.m

40.025
-0.009 “ -

0.036
0.005

-“”K

0.009 0.005
-0:010 0.006
0.010 0.006
0 . 0 1 2  – 0 . 0 0 6
0.012 0.007

-0.010 0.005
0.010 0.006

It is significant that the effective emittance  for close comparison between results for test phases la - Id
MLI-B.  the all embossed Ka~ton lawm, is 19% higher for the two blankets shows that MLI-C kept the box about..-
than that for M LI-A, the hybrid Kapton-M  ylar kayup. 2°C wal mer by using less power. Fimlly,  it is highly
I%is gives credence to and quantifies the intuitive feel that significant that the effective emittance for MLI-D  is 2.6
many had shared before the test. It is also interesting  to tirms  lower than that fol MLI-A, Thk demonstrates that
note that the effective emittance  for ML1-C is 8% lower the technique of ducAayup and staggering seams is able to
than that for MLI-A.  Both are of the same hybrid Kapton- cut down heat dissipation dramatically. The underlying
Mylar layup, yet the tighter fit of MLI-C (less blanket reason for thk superior performance will be explained
area) as a result of the absence of the micrometeoroid latex in thk paper.
standoffs, actually is able to keep the box warmer. A
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llarflwarc-to-outcrlaycr  cffcctivc  cmittancc.  It
is shown by Table 1 that ce~,.~,,  and c,(~.~, arc alroos’t
identical. This is so bccausc  the radiation resistance from
the ou[er layer to the sink is much less (roughly 10 to 40
times) than that from the hardware to the outer layer. This
explains why applying C,f( ~, in modeling scheme (b), Fig.
1, as is often done in spite of being a mismatch, does not
cause  significant errors. It is believed that most effective
emittancc data reported in the literature are t ,~~.~,, ahhough
not specifically clarified. Also, whether the outer layer
temperature is identified with that of the center, or corner,
or some average of the IWO, the value of the computed
{,,,.,,, is hardly affected.

The intrinsic Ml.] cffcctivc  cmittancc.  As
Table 1 clearly indicates, c ,ff.i,, is very different from c ,f,.~,.
In a hardware-MI.I configuration of type (c), Pig. 1, if the
modeling uses c ~rrk, instead of the correct c ~f,.,o, substantial
errors will result. Both C, ff.h, and Ceff.i,, have entered
discussions in the ML1 literature, but usually without a
clear distinction bctwccn the two. “lhcsc results show that
a clear distinction is necessary. Physically, the effective
emittance  based on the inner- and outer-layer temperatures
is an intrinsic characteristic of the blanket layup, while
the traditional effective emittancc  also incorporates effects
of the hardware surface emissivity, the ML1 inner- and
outer-layer cmissivity,  the hardware-to-blanket gap
geometry, the standoffs if any, and the cmissivity  and
geometry of the chamber shroud. The lat[cr includes the
various “surface resistances ‘f and “space resistances” and
}Icncc is cxpcctcd to be lower than the former.

1 lowcvcr,  this is just the opposite. of whal Table
1 indicates, that  c ,(,.~, is significantly higher than Cef,.,{,  in
most cases. The apparent paradox is the result of applying
the appropriate area in the calculation of Ccr, using Eqs. (1 )
- (4). As notccl in Table 1, c,,,.,, is based on A@wr)  which
is equa] to 0.314 n)2, but c,,,.,,, is based on A(ML1)  which
is equal to 0.597 n12 except for Ml.]- C. When the
underlying area is made the same, the physical argument
prcscn[cd in the prcccding paragraph would bc borne out.
As a matter of fact, A(M 1.1-C) is equal to 0.343 n~2,  which
is quite a bit closer to A(hwr) than A(M1 .1-A); one sees
that [ ,(,.~, is indeed smaller than cc~(.,o in this case. This
points out another important consideration which is not
always clear to the analyst. When modeling by scheme
(c), Iiig.  1, it is A(MLI) that should be used in conjunction
with an A(M Ll)-based ( ,f,.io. But when modeling, by
schcmc (b), one must usc A(hwr), ancl what’s more, onc
must make sure that the (.eff.~c,  value derived from a certain
hardware dimension is applicable to the modeled
configuration. The (22.86 cnl)~  box employed in these
tests is rcprcscnlativc  of many of the instrument sizes for

the Cassilli  spacccraf(, but blind application of the Table
1 data is strongly warnc(l against.

Note that in I’able 1, center- or corner-averaged
TO and 1”, do not  seem to make a great difference when
conlPutillg  c,ff,o for M 1.1-A and ML1-D.  Ilowcver, the
difference shows for M 1.1-B and especially for MI.I-C.
Thk is because corner tcmpcraturcs vary widely, perhaps
due to varying condition of contact with the hardware
(recall  in{:  that MI.I-C is a snug fit). More importantly,
AT bctuecn the center-averaged and corner-averaged
temperatures is much greater for ML1-C than for MLI-A
(e.g., 23)C vs. 6{’C  for “I’,, and 47*C vs. 25*C for To).
Details of heat loss at and near the scams become
important and the simple-minded averaging of corner
temperatures is no longer meaningful. Therefore, while
values of .,~f.,O for ML-B and MI.1-C as presented in
Table 1 offer a glimpse of the location dependency of
effective emittancc and a hint of the range of variation, a
better understanding of the ML1 heat loss mechanism
involved is essential.

IIcat I.OSS in the Vicinity of Scams

Tlrc revelation of dramatic difference bet wcen the
center and corner tcnq]cratures  and of the heat loss
characteristics in the vicinity of scams came as a bonus.
The unexpectedly large center-corner AT’s as discussed
above suggested that something might bc learned by
placing additional thermocouples on the test arlicles  in
subsequent test phases, over the inner- and outer-layer
surfaces, and especially alon~  the scams. ‘1’hc details of a
typical scam and corner for the Cassini MLI blankets are
shown in Fig. 6. Note that the open flap is to be closed
with a Nornex  lacing, through the edge holes. This is a
typical construction fo] JP1. spacecraft ML1 over the
decades.

Fig. 6 MLI seanl and corner construction
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Fig. 7 ML1-A inner and outer layer temperature
distribution

Figure 7 exemplifies the temperature distribution
across a blanket surface, from seam to seam, lt is noted
that on the blanket inmr layer, the temperature at the seam
is more than 30”C lower than in the middle, while on the
outer layer, the seam temperature is higher than that at the
center by more than 7fYC. These differences are more
accentuated than indicated in Table 1 because the corner
thermocouples were located at some distance away from
the seams. It is reasoned that, at the seam, the stitches
pinch the MLI layers together and cause a “thermal
short”; this brings the outer- and inner-layer temperatures
closer to each ;tier  at the seam than elsewhere.
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Fig. 8 MLI-A heat loss distribution

Utilizing the outer layer temperatures and
emissivity,  and the shroud temperature and emissivity, the
local  heat losses were computed, and the results are
presented in Fig. 8 as a function of distance from the lefi
seam. The heat loss varies from less than 3 W/rn2  at the
center to almosl 30 W/m* at the seam, based on A@ILI).
With the understanding that in-layer heat transfer is
negligible compared to the outflow normal to the MLI (as
can bc verified by calculation), local effective ernittance

(i.e., cc,, i~ was then calculated using the imer and outer
layer temperatures and the heat losses of Fig. 8. The
results are plotted in Fig. 9, where it is seen that local
effective emittance  varies from a low of 0.006 to a high of
almost 0.15.
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Fig. 9 ML1-A

The average

Distence  tin. )

local effective emittance

effective emittance must lie
somewhere in between, depending on the size of the
blanket, and other hardware configuration parameters.
The larger the blanket, the more the low emittance  in the
middle will weigh on the average. It is thus clear  that,  in

selecting a value for the ML1 effective emittance, analysts
must consider the size and other geometric factors of the
MI-I,  and how the ML] will be fabricated and assembled.
Figure 9 gives suggestion as to the upper and lower
bounds of effective emittance  that one may select in
conducting sensitivity studies, as well as points to a way
of improving MI J thermal performance; i.e., by
minimizing the seam losses. For a small box such as
uwd iri these twts, Fig. 8 clearly shows the importance of
heat losses in the vici@  of seam.  It tbUS follows if seam
losses are minimized by avoiding through seams, then the
performance of the. MLI can be substantially improved.
The 2.6-fold reduction of effective emittance  efilbited  by
MLI-1),  as pointed OU[  earlier, proves the point,

Conclusions

The Kapton-Mylar  hybrid layup and the all-
Kaptcm high temperature layup are designed to respond to
the high temperature environments that the Cassini
spacccrafi  will encounter in its mission to Saturn.
Thermal development tests have been conducted to
characterize their effective emittance and verify that these
MLI designs can prcwide adequate thermal performance.
The test results have yielded effective emittance  for four
diffel em MLI layupskmnfigurations  at several temperature
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settings. These results have high repeatability and are
arnemble to consistent physical interpretations.

The all-Kapton layup  was shown to be leakier
(19 % higher effective ernittance)  than the hybrid layup,
bearing out a long-held intuitive conjechlre,  The ML]
fabricating tectilque  of duo-layup and staggering seams
has been applied to enhance blanket performance over the
years, but these tests gave the first quantitative proof that
the technique does work, and with a dramatic 2.6-fold
performance gain.

Attention has been called to the distinction
between three effective emittance definitions, all having
relevance to Cassirti  hardware-MLl cordigurations.  The
intrinsic effective emittance,  Ctf,.i,,,  should be used in
situations where the ML1 drapes over the hardware in a
tent-like manner (e.g., the PMS and FPP). On the other
hand, the traditional effective ernittance,  CC~~.M (or more
accurately, c.fi.~, should bc applied where the MLI wraps
around the hardware snugly or is spaced off by the
micrometeoroid  standoffs.

The observation of large temperature difference
between the center and seam of a blanket (up to 70°C) was
unexpected. But a follow-up investigation led to a
welcome revelation of the heat loss characteristics in the
vicinity of seams. The quantitative results obtained on
temperature distribution over a blanket surface, and
location dependency of heat loss and effective errtittance
shed light on a major MLI heat loss rnechankm.  They
offer a guide for thermal analysts in conducting sensitivity
studies, and explain the superior performance of the duo-
layup, staggered-seam MLI construction.
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